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STRUCTURE FOR MOUNTING DAMPERS
ON VEHICLES

BACKGROUND OF THE INVENTION

The present mvention relates to a structure for supporting,
cylinders 1n 1industrial vehicles such as forklifts. More
particularly, the present invention pertains to a structure for
supporting cylinders, which connect an axle to a vehicle
body frame such that the axle 1s tiltable with respect to the
body frame.

DESCRIPTION OF THE RELATED ART

A forklift has a body frame and axles that are coupled to
the body frame. To provide driving stability and riding
comfort, there are forklifts having an axle that 1s pivotal with
respect to the body frame. However, in such forklifts,
centrifugal force tilts the forklift when the forklift changes
directions. Therefore, the pivotal axles hinder stable steering
and make 1t difficult to increase speed when changing
directions.

Japanese Unexamined Patent Publication No. 58-183307
describes a forklift that locks 1ts pivotal axle if the centrifu-
cgal force produced when steering the forklift exceeds a
predetermined value. The locking of the axle holds the axle
in a fixed state and enables stable steering.

The axle 1s connected to the body frame by a hydraulic
resistance cylinder (damper) that serves to dampen shocks.
A hydraulic circuit 1s connected to the resistance cylinder to
selectively lock and unlock the resistance cylinder. The
resistance cylinder has a piston rod connected to the body
frame. When the resistance cylinder 1s unlocked, the flow of
hydraulic o1l 1n the hydraulic circuit permits the piston rod
to project from or retract 1nto the resistance cylinder. In this
state, the resistance cylinder permits pivoting of the axle. To
lock the resistance cylinder, the flow of the o1l 1s stopped.
Locking the cylinder keeps the piston rod fixed at the same
position. In this state, the resistance cylinder locks the axle
to the body frame so that 1t cannot pivot.

The axle includes an axle bracket to which the resistance
cylinder 1s coupled, while the body frame includes a frame
bracket to which the resistance cylinder 1s coupled. The
distance between the brackets may deviate from the ideal
distance due to dimensional tolerances. However, the struc-
ture for supporting the resistance cylinder does not provide
a mechanism for accommodating such dimensional differ-
€Nces.

In addition, 1f the dimensional deviation 1s large, the
performance of each resistance cylinder may be affected. In
other words, the resistance cylinder may not perform as
desired. In some cases, this may damage the resistance
cylinder.

SUMMARY OF THE INVENTION

Accordingly, it 1s an objective of the present invention to
provide a resistance cylinder supporting structure that
accommodates deviations in the distance between the sup-
port brackets and that facilitates the 1nstallation of resistance
cylinders.

To achieve the above objective, the present invention
provides a structure for mounting a hydraulic damper to a
vehicle body. The damper has a first end and a second end.
The vehicle has a vehicle frame connected to the first end
and an axle connected to the second end. The axle i1s
arranged to be pivotal with respect to the frame. The damper
changes 1ts length based on a swinging action of the axle.
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The structure includes a first bracket provided with the
frame. The first bracket has a first support hole and a second
bracket provided with the axle. The second bracket has a
second support hole. The first end has a first through hole
and the second end has a second through hole. A connecting
means rotatably connects the first end and the second end of
the damper with one of the first bracket and the second
bracket, respectively. The connecting means extends
through one of the support holes as well as the associated
through hole 1 a rotatable manner about its axis. The
connecting means 1ncludes an adjusting means for adjusting
the length of the damper to an optimum value based on the
rotation of the connecting means. A prohibiting means
prohibits the rotation of the connecting means to maintain
the length of the damper 1n the optimum value.

Other aspects and advantages of the present invention will
become apparent from the following description, taken in
conjunction with the accompanying drawings, illustrating by
way of example the principles of the mnvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention that are believed to
be novel are set forth with particularity in the appended
claims. The invention, together with objects and advantages
therecof, may best be understood by reference to the follow-
ing description of the presently preferred embodiments
together with the accompanying drawings 1n which:

FIG. 1 1s a diagrammatic view showing a structure for
locking a rear axle 1n an industrial vehicle to which the
present 1nvention 1s applied;

FIG. 2 1s a schematic view showing a structure for
supporting the resistance cylinder of FIG. 1;

FIG. 3 1s an exploded perspective view showing the lower
resistance cylinder support bracket of FIG. 2;

FIG. 4 1s a schematic end view showing an eccentric
shaft; and

FIG. § 1s an exploded perspective view showing a lock
and a lock plate employed 1n a further embodiment accord-
ing to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

A preferred embodiment according to the present inven-
tion will now be described with reference to FIGS. 1 to 4.

A structure for mounting rear wheels T on an industrial
vehicle, or forklift 10, 1s shown 1n FIG. 1. The forklift 10 has
a body frame 10a. The rear wheels T are mounted on each
end of a rear axle 11, which 1s located beneath the rear
section of the forklift 10. The rear axle 11 1s pivotally
supported to the frame by a center pm 11a.

The frame 10a and the rear axle 11 are also connected to
cach other by a damper, or hydraulic resistance cylinder 12.
The resistance cylinder 1s a multi-movement hydraulic cyl-
inder that dampens the forces applied to the rear wheels T.

The resistance cylinder 12 includes a tube 124, a piston
126 accommodated 1n the tube 124, and a piston rod 12¢
having an end connected with the piston 12b. The other end
of the piston rod 12c¢ 1s connected to the rear axle 11.

The piston 12b defines a first o1l chamber R1 and a second
o1l chamber R2 in the resistance cylinder 12. The first and
second o1l chambers R1, R2 are connected to a controller 13
through a pair of passages P, respectively. The controller 13
selectively opens and closes the passages P to control the
flow of hydraulic o1l in the resistance cylinder 12 and thus
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lock or unlock the resistance cylinder 12. That 1s, the
controller 13 locks or unlocks the resistance cylinder 12 to
maintain stability and enhance the driving performance and
riding comfort of the forklift 10.

FIGS. 2 and 3 show a structure for coupling the resistance
cylinder 12 to the body frame 10a and the rear axle 11. The
cylinder tube 12a has an upper joint 20 through which a bore
20a extends. The piston rod 12¢ also has a lower joint 21
through which a bore 21a extends. A U-shaped first bracket,
or upper bracket 22, which has a pair of parallel walls, 1s
fixed to the body frame 10a to support the resistance
cylinder 12. A hole 22a extends through each of the walls,
or legs, of the upper bracket 22. The upper joint 20 of the
cylinder tube 124 1s fitted between the walls of the upper
bracket 22. A bolt 23 1s inserted through the bracket holes
22a and the joint bore 204 and fastened by a nut (not shown).
Accordingly, the cylinder tube 124 1s pivotally connected to
the body frame 10a.

A U-shaped second bracket, or lower bracket 24, 1s fixed
to the rear axle 11 by fasteners, such as bolts, to support the
resistance cylinder 12. The lower bracket 24 has a pair of
parallel walls, like the upper bracket 22. A first hole 24a
extends through one of the walls of the lower bracket 24,
while a second hole 24b extends through the other wall. The
diameter of the second hole 24b 1s smaller than that of the
first hole 24a. A threaded hole 24c¢ 1s formed 1n the lower
bracket 24 near the first hole 24a. The lower joint 21 of the
piston rod 12¢ 1s fitted between the walls of the lower
bracket 24. An eccentric shaft 25 1s mserted through the
bracket holes 24a, 24b and the joint bore 21a.

The eccentric shaft 25 has a first end segment 254, which
1s located 1n the first hole 24a, and a second end segment
25b, which 1s located 1n the second hole 24b. The diameter
of the second end segment 25b 1s smaller than that of the first
end segment 25a. As shown 1n FIG. 4, the first and second
end segments 25a, 25b are concentric and coaxial. That is,
the end segments 25a, 25b share axis L1.

The eccentric shaft 25 also has an eccentric portion 25c¢,
which 1s located 1n the joint bore 21a between the first and
second end segments 25a, 25b. As shown 1n FIG. 4, the
eccentric portion 25¢ has an axis L2 that 1s offset from the
axis L1. The diameter of the eccentric portion 25¢ 1s smaller
than that of the first end segment 254 and larger than that of
the second end segment 25b. The eccentric portion 25¢ has
a certain radius so that its peripheral surface does not extend
radially outward more than the surface of the first end
secgment 254, as shown 1 FIG. 4.

The axial length of the eccentric shaft 25 1s slightly more
than the distance between the outer surfaces of the bracket
walls. The first and second end segments 25a, 25b are each
axially longer than the thickness of the associated bracket
wall. The eccentric shaft 25 1s first inserted 1nto the first hole
24a. The eccentric shaft 25 1s then inserted through the lower
joint bore 21a and into the second hole 24b until the
eccentric portion 25¢ abuts against the bracket wall through
which the second hole 24b extends. In this state, the con-
centric end segments 25a, 25b project outward from the
assoclated bracket walls. A hexagonal head 25d 1s formed on
the part of the first end segment 254 that projects outward
from the associated bracket wall. A pin hole 25¢ extends

radially through the second end segment 25b at a location
outward from the surface of the associated bracket wall.

After the second end segment 25b 1s inserted through the
second hole 24b, a cotter pin 26 1s fitted 1nto the pin hole 25¢
to keep the eccentric shatt 25 held 1n the lower bracket 24.

In this state, the eccentric shaft 25 can be rotated. By rotating
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the eccentric shaft 25 about the axis L1, the distance
between the axis L2 of the eccentric portion 25¢, which 1s
also the axis of the lower joint bore 21a, and the bolt 23,
which fastens the resistance cylinder 12 to the body frame
10a, can be changed. In other words, the lower bracket 24
with respect to the resistance cylinder 12 1s adjusted by
rotating the eccentric shaft 25.

A lock plate 27 having a hexagonal hole 274 1s fitted on
the head 25d after adjusting the distance between the bolt 23
and the axis L2. The lock plate 27 has a shape similar to that
of the associated bracket wall. A bolt hole 27b extends
through the lock plate 27 at a position corresponding to the
threaded hole 24¢ of the lower bracket 24. A bolt 28 1is
inserted through the bolt hole 27b and screwed into the
threaded hole 24c¢ to fasten the lock plate 27 to the lower
bracket 24 and restrict the rotation of the eccentric shaft 25.
In the preferred and 1llustrated embodiment, the rotational
phase of the eccentric shaft 25 can be adjusted by a mini-
mum 1nterval of 60 degrees to alter the distance between the

axis .2 and the bolts 23.

The preferred and illustrated embodiment has the advan-
tages described below.

(1) The axis L2 of the eccentric portion 25c¢ of the
eccentric shaft 25 1s offset from the axis L1 of the first and
second end segments 25a, 25b. Accordingly, rotation of the
eccentric shaft 25 adjusts the position of the resistance
cylinder 12 with respect to the first and second brackets 22,
24. In other words, the eccentric shaft 25 accommodates
deviations 1n the distance between the brackets 22, 24 when
installing the resistance cylinder 12. This facilitates the
installation of the resistance cylinder 12.

(2) The eccentric shaft 25 is preferably used only for the
lower bracket 24, which 1s fixed to the rear axle 11. This
facilitates the 1nstallation of the resistance cylinder 12 to the
upper and lower brackets 22, 24. Furthermore, costs are
saved since there 1s only one eccentric shaft 25, which must
be machined in a special manner.

(3) The hexagonal head 25d of the eccentric shaft 25 and
the lock hole 27a of the lock plate 27 are hexagonal
(polygonal). This prevents rotation of the eccentric shaft 25
and simplifies the formation of the head 25d and the lock
hole 27a.

(4) The lock plate 27 is formed having a shape similar to
that of the associated wall of the lower bracket 24 such that
the lower edge of the lock plate 27 abuts against the upper
surface of the rear axle 11. The rear axle 11 thus prevents
rotation of the lock plate 27 even when a rotating force 1s
applied to the lock plate 27. This structure keeps the bolt 28
free from loads and prevents the bolt 28 from being dam-
aged.

It should be apparent to those skilled in the art that the
present 1nvention may be embodied 1n many other specific
forms without departing from the spirit or scope of the
invention. More particularly, it should be understood that the
present 1nvention may be modified as described below.

In the preferred and illustrated embodiment, the eccentric
shaft 25 1s coupled with the lower bracket 24, which 1s fixed
to the rear axle 11. However, the eccentric shaft 25 may be
coupled with the upper bracket 22 instead of the lower
bracket 24. As another option, an eccentric shaft may be
provided for both upper and lower brackets 22, 24.

Furthermore, a bracket identical to the lower bracket 24
may be employed to secure the resistance cylinder 12 to the
body frame 10a. In this case, the upper bracket fixed to the
body frame 10a and the lower bracket fixed to the rear axle
11 would each employ an eccentric shaft 25. In this
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structure, the distance between the brackets can be adjusted
at either end of the cylinder 12. Thus, 1n comparison to the
illustrated embodiment, the position of the cylinder 12 waith
respect to the brackets 1s adjusted 1n a more fine manner and
the accommodation of dimensional differences 1s more

flexible.

In the preferred and 1llustrated embodiment, the head 25d
of the eccentric shaft 25 and the lock hole 27a of the lock
plate 27 need not be hexagonal as long as rotation of the
eccentric shaft 25 with respect to the lower bracket 24 can
be restricted. For example, the head 254 and the lock hole
27a may be a polygon other than a hexagon. As another
example, a key 25 may be formed on the first end segment

25a to engage one of a plurality of keyways 27a formed in
the lock plate 27, as shown 1n FIG. §.

In the preferred and illustrated embodiment, the shape of
the lock plate 27 1s substantially the same as that of the
associated wall of the lower bracket 24. However, as long as
the lower edge of the lock plate 27 abuts against a fixed
surface to restrict rotation of the lock plate 27 relative to the
rear axle 11, the shape of the lock plate 27 may be changed
arbitrarily. Furthermore, 1f the bolt 28 has sufficient strength
and can prevent rotation of the lock plate 27, the bottom

edge of the lock plate 27 need not abut against the rear axle
11.

In the preferred and 1llustrated embodiment, the lock plate
27 1s fastened to the lower bracket 24 by the bolt 28.
However, other types of fasteners can be employed as long
as the lock plate 27 can be fixed to the lower bracket 24.

In the preferred and illustrated embodiment, the diameter
of the eccentric portion 25c¢ 1s larger than that of the second
end segment 256 and smaller than that of the first end
secgment 25a. However, the present invention 1s not limited
to such dimensional relationships. Other dimensional rela-
fionships are possible as long as the axis 1.2 of the eccentric
portion 25c¢ 1s offset from the axis L1 of the first and second
end segments 25a, 25b and the peripheral surface of the
eccentric portion 25¢ does not project radially further than
the peripheral surfaces of the first and second end segments

25a, 25b.

In the preferred and illustrated embodiment, the cotter pin
26 15 1nserted 1nto the pin hole 25¢ to keep the eccentric shaft
25 from falling out of the lower bracket 24. However,
fasteners other than the cotter pin 26 may be employed as
long as the eccentric shaft 25 can be held in the lower

bracket 24.

In the preferred and illustrated embodiment, the present
invention 1s applied to a forklift employing one type of
resistance cylinder 12. However, the present invention may
be employed 1n a forklift employing many types of resis-
tance cylinders.

Therefore, the present examples and embodiments are to
be considered as illustrative and not restrictive and the
invention 1s not to be limited to the details given herein, but
may be modified within the scope and equivalence of the
appended claims.

What 1s claimed 1s:

1. A structure for mounting a hydraulic damper to a
vehicle body, said damper having a first end and a second
end, said vehicle having a vehicle frame connected to the
first end and an axle connected to the second end, wherein
said axle 1s arranged to be pivotal with respect to the frame,
and wheremn said damper changes 1ts length based on a
swinging action of the axle, said structure comprising;:

a first bracket provided with the frame, said first bracket
having a first support hole;

10

15

20

25

30

35

40

45

50

55

60

65

6

a second bracket provided with the axle, said second
bracket having a second support hole;

said first end having a first through hole and said second
end having a second through hole;

connecting means for rotatably connecting one of the first
end and the second end of the damper with one of the
first bracket and the second bracket, respectively, said

connecting means extending through one of the support
holes as well as the associated through hole 1 a
rotatable manner about its axis; and

sald connecting means including adjusting means that
adjusts based on the rotation of the connecting means
for accommodating deviations in a distance between
the first and second brackets;

prohibiting means for prohibiting the rotation of the
connecting means to maintain the distance at an opti-
mum value.

2. The structure as set forth in claim 1, wherein said
connecting means includes a shaft having three portions
with diameters differing from one another.

3. The structure as set forth 1in claim 2, wherein three
portions 1nclude a large diameter portion, a small diameter
portion and an eccentric portion located between the large
diameter portion and the small diameter portion, said large
diameter portion and said small diameter portion sharing a
common axis of rotation, said eccentric portion serving as
the adjusting means.

4. The structure as set forth in claim 3, wherein said
eccentric portion having a first section continuous to the
large diameter portion and a second section continuous to
the small diameter portion, wherein the first section accom-
modates a maximum distance between the first and second
brackets and wherein the second section accommodates a
minimum distance between the first and second brackets.

5. The structure as set forth 1n claim 4, further comprising;:

at least one of the bracket having a side surface;
a plate secured to the side surface of the bracket;
said plate having a polygonal hole; and

said larege diameter portion having a polygonal end fitted

in the polygonal hole, said polygonal hole and said
polygonal end forming said prohibiting means.

6. The structure as set forth 1n claim 5, wherein said plate

has a shape 1dentical to that of the side surface of the bracket.

7. The structure as set forth 1n claim 4, further comprising;:

at least one of the bracket having a side surface;
a plate secured to the side surface of the bracket;

said plate having a receiving hole with an inner peripheral
surface, said inner peripheral surface having a plurality
of notches extending outwardly and radially with
respect to the receiving hole; and

said larege diameter portion having an inserting end fitted
in the receiving hole, said inserting end having a
projection that 1s fitted 1n one the notches, wherein said
notches and said projection form said prohibiting
means.
8. The structure as set forth in claim 7, wherein said plate
has a shape 1dentical to that of the side surface of the bracket.
9. A structure for mounting a hydraulic damper to a
vehicle body, said damper having a first end and a second
end, said vehicle having a vehicle frame connected to the
first end and an axle connected to the second end, wherein
said axle 1s arranged to be swingable with respect to the
frame, and wherein said damper changes 1ts length based on
a swinging action of the axle, said structure comprising:

a first bracket provided with the frame, said first bracket
having a first support hole;
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a second bracket provided with the axle, said second
bracket having a second support hole;

said first end having a first through hole and said second
end having a second through hole;

a shaft for rotatably connecting one of the first end and the
second end of the damper with one of the first bracket
and the second bracket, respectively, said shaft extend-
ing through one of the support holes as well as the
assoclated through hole 1n the rotatable manner about
1ts axis; and

said shaft having a large diameter portion, a small diam-
eter portion, and an eccentric portion located between
the large diameter portion and the small diameter
portion, said large diameter portion and said small
diameter portion sharing a common axis of rotation,
said eccentric portion having a first section continuous
to the large diameter portion and a second section
continuous to the small diameter portion, wherein the
first section accommodates a maximum distance
between the first and second brackets and wherein the
second section accommodates a minimum distance
between the first and second brackets; and prohibiting
means for prohibiting the rotation of the connecting
means to maintain the distance at an optimum value.

10. The structure as set forth 1n claim 9, further compris-

Ing:

at least one of the brackets having a side surface;

3

a plate secured to the side surface of the bracket;
said plate having a polygonal hole; and

said large diameter portion having a polygonal end fitted
in the polygonal hole, said polygonal hole and said
polygonal end forming said prohibiting means.

11. The structure as set forth 1n claim 10, wherein said
plate has a shape 1dentical to that of the side surface of the
bracket.

10 12. The structure as set forth 1n claim 9, further compris-
ng:
at least one of the brackets having a side surface;
a plate secured to the side surface of the bracket;

said plate having a receiving hole with an 1nner peripheral
surface, said inner peripheral surface having a plurality
of notches extending outwardly and radially with
respect to the receiving hole; and

15

said large diameter portion having an inserting end fitted
20 in the receiving hole, said inserting end having a
projection that 1s fitted 1n one the notches, wherein said
notches and said projection form said prohibiting
means.
13. The structure as set forth in claim 12, wherein said
»5s plate has a shape 1dentical to that of the side surface of the
bracket.
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